Lyophilized bacteria lose their ability to form colonies on nutrient media upon exposure to air (Naylor & Smith, 1946; Lion & Bergmann, 1961), oxygen being the lethal factor (Lion & Bergmann, 1961; Lion, 1963). The ability to reproduce decreases with exposure time. The 'death' of freeze-dried bacteria exposed to oxygen (FDO bacteria) does not abolish their ability to synthesize DNA, RNA and protein (Novick, Israeli & Kohn, 1972). However, DNA synthesis ceases a short time after reconstitution and P-galactosidase production is blocked, to be resumed only after a repair period.
Lyophilized bacteria lose their ability to form colonies on nutrient media upon exposure to air (Naylor & Smith, 1946; Lion & Bergmann, 1961) , oxygen being the lethal factor (Lion & Bergmann, 1961; Lion, 1963) . The ability to reproduce decreases with exposure time. The 'death' of freeze-dried bacteria exposed to oxygen (FDO bacteria) does not abolish their ability to synthesize DNA, RNA and protein (Novick, Israeli & Kohn, 1972) . However, DNA synthesis ceases a short time after reconstitution and P-galactosidase production is blocked, to be resumed only after a repair period.
In order to check whether protein and DNA synthetic mechanisms could function correctly under some other control than that of the cell, we investigated the ability of FDO bacteria to produce phage.
METHODS

Micro-organisms.
A thymidine-requiring strain of Escherichia coli B and Coliphage T, were used.
Media. Escherichia coli B was grown in L-broth containing (g/l of water) : Bacto tryptone (Difco), 10; NaCl, 5 ; glucose, I. Colony counts and phage titrations were performed on Petri dishes containing, in addition to the above, 2 3 % (w/v) Bacto agar (Difco). Incubations were at 37 "C.
Ljlophilization. Exponential phase Escherichia coli B grown in L-broth was harvested, washed 3 times and resuspended in water. The freeze-drying procedure is described by Novick et al. (1972) . Preparations were exposed to oxygen (air) at 45 % relative humidity and 28 "C.
Phage production and puriJication. Coliphage T, was grown in suspensions of Escherichia coli B. The purification procedure included differential centrifugation and digestion by RNase and DNase (Adams, 1959) .
Antiphage serum was prepared in rabbits. At its final concentration, the serum neutralized 99.995 % of the phage during I I min at 37 "C ( K value = 400, where K is the velocity constant of neutralization of phage, Adams, 1959) . Assay for phage production in lyophilized Escherichia coli B. Phage suspension (0.04 ml, 1-5 x 109 particles) was added to I ml portions of reconstituted and control Escherichia coli B containing 4.5 x 108 organisms (multiplicity of infection was about 3). Following adsorption for 4 min, 0-1 ml portions of the suspensions were transferred to 0.9 ml of antiphage serum. After I I min for neutralization of excess phage, 0.1 ml volumes were diluted in 10 ml phosphate buffer (pH 7) and assayed immediately for plaque formation, using Escherichia coli B as an indicator (Adams, 1959) .
Microscopic observations. Samples were counted in a phase contrast microscope, using a Petroff -Hausser counting chamber. Lyophilized, O2 exposed, 60 min 99'998 8 0'002 I 0
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Pre-incubation was in L-broth at 37 "C before phage infection. For methods see text.
R E S U L T S A N D D I S C U S S I O N
Samples of lyophilized Escherichia coli were assayed for viability and phage production (Table I ). There was no difference in the burst size in phage-infected bacteria between FDO and control organisms. These results suggested that the mechanism of DNA and protein synthesis in FD(O bacteria remained intact after oxygen exposure, and was able to function only under a different control.
Although the present results do not show any difference in response to phage infection between lyophilized and FDO bacteria, the phage production capacity of lyophilized bacteria before or after exposure to oxygen was only 10 % of non-lyophilized controls. It was of interest, therefore, to find out whether this partial damage to the capacity to produce phage, exhibited immediately after reconstitution and due to freeze-drying per se, could be repaired by incubation in broth at 37 "C preceding infection. Such a repair was observed in the freeze-dried bacteria but not in FDQ bacteria, as shown in Table I (column 5).
The percentage of bacteria producing phage was related to the percentage of microscopically observed filamentous forms in the population of such pre-incubated, lyophilized as well as FDO bacteria (Table I, columns 2 and 5). Eschericlzia coZi B is known to form such filaments ('snakes') as a result of various treatments (Webb, 1953) .
There is a similarity between the effects of lyophilization and aerosolization on the survival of bacteria (Anderson & Cox, 1967) . The results obtained by Webb, Dumasia & Singh Bhorjee (1965) and Cox & Baldwin (1966), who measured the capacity of bacteria to produce phage after aerosolization, are in good correlation with our results.
In conclusion, it seems that the main cause of death of bacteria upon freeze-drying and exposure to 0, is not damage to DNA, RNA or protein synthesis mechanisms per se, but rather interference with a control mechanism, probably linked with the initiation of the new reproductive cycle (Novick et al. 1972; Israeli & Kohn, 1972) .
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